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Parallel operation processing apparatus and method
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operation processing apparatus and method may display
an interpolated frame using the interpolated matrix.
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Description
BACKGROUND
1. Field

[0001] Exemplary embodiments relate to a parallel operation processing method and apparatus, and particularly, to
a parallel operation processing method and apparatus that may divide operations performed in a control apparatus, and
perform the divided operations.

2. Description of the Related Art

[0002] Currently, along with developments in image technologies, three-dimensional (3D) games or 3D animations
have been increasingly commercialized. For 3D images, a relatively greater amount of operations may need to be
processed in comparison with 2D images. For example, in the 3D games, a character may be configured of a hierarchical
joint structure. In this instance, a movement of the character may be created by a transformation of each joint in a
hierarchical manner.

[0003] In general, a previous frame, a current frame, and a next frame may be consecutively displayed to express the
movement of the character. In this instance, to more naturally express the movement of the character, an interpolated
frame may be generated. The interpolated frame may be displayed between the current frame and the next frame.
[0004] In this case, the interpolated frame may be generated by performing an interpolated operation based on the
current frame. In addition, along with an increase in a number of characters included in the current frame, an amount of
operations to be processed and an amount of time for the operations to be processed may increase.

[0005] Accordingly, there is a desire for a technique that may reduce an amount of time for operations to be processed
while naturally expressing movements of the characters, even when the number of the characters included in the cor-
responding frame increases.

SUMMARY

[0006] According to an aspect of exemplary embodiments, there is provided a parallel operation processing method,
including: receiving a matrix corresponding to a current frame comprised of first joint information corresponding to at
least one joint included in a character of the current frame, with respect to at least one character included in the current
frame; receiving a matrix corresponding to a next frame comprised of second joint information corresponding to at least
one joint included in a character of the next frame, with respect to at least one character included in the next frame;
calculating a thread block unit using a dimension of the matrix corresponding to the current frame or the next frame;
generating an interpolated matrix by performing an interpolated operation in the calculated thread block unit, with respect
to a plurality of vectors included in each matrix corresponding to the current frame and the next frame; and forwarding
the generated interpolated matrix.

[0007] In this instance, the calculating of the thread block unit may calculate the thread block unit for simultaneously
performing the interpolated operation using the first joint information and the second joint information.

[0008] Also, the generating of the interpolated matrix may include: dividing the matrices corresponding to the current
frame and the next frame based on the thread block unit when the dimension of each of the matrices corresponding to
the current frame and the next frame exceeds the calculated thread block unit; and performing the interpolated operation
in parallel with respect to the matrices corresponding to the divided current frame and the divided next frame. Here, the
generating of the interpolated matrix may generate the interpolated matrix based on a result of the interpolated operation
having been performed in parallel.

[0009] Also, each of the first joint information and the second joint information may include a plurality of translation
vectors, a plurality of rotation vectors, and a plurality of scale vectors, each of the plurality of translation vectors, the
plurality of rotation vectors, and the plurality of scale vectors corresponding to the at least one joint included in the
character.

[0010] Also, the matrix corresponding to the current frame may include a plurality of translation vectors, a plurality of
rotation vectors, and a plurality of scale vectors, each of the plurality of translation vectors, the plurality of rotation vectors,
and the plurality of scale vectors corresponding to the at least one joint included in the current frame.

[0011] Also, the matrix corresponding to the next frame may include a plurality of translation vectors, a plurality of
rotation vectors, and a plurality of scale vectors, each of the plurality of translation vectors, the plurality of rotation vectors,
and the plurality of scale vectors corresponding to the at least one joint included in the next frame.

[0012] According to another aspect of exemplary embodiments, there is provided a parallel operation processing
apparatus, including: a calculation unit to receive a matrix corresponding to each of a current frame and a next frame,
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with respect to at least one character included in each of the current frame and the next frame, and to calculate a thread
block unit using a dimension of the received matrix corresponding to the current frame or the next frame; and an
interpolated matrix generation unit to generate an interpolated matrix by performing an interpolated operation in the
calculated thread block unit, with respect to a plurality of vectors included in each matrix corresponding to the current
frame and the next frame. In this instance, the matrix corresponding to the current frame may be comprised of first joint
information corresponding to at least one joint included in the at least one character of the current frame, and the matrix
corresponding to the next frame may be comprised of second joint information corresponding to at least one joint included
in the at least one character of the next frame.

[0013] According to still another aspect of exemplary embodiments, there is provided a parallel operation processing
method, including: extracting first joint information corresponding to at least one joint included in at least one character
of a current frame, with respect to the at least one character included in the current frame; generating a matrix corre-
sponding to the current frame comprised of the first joint information; extracting second joint information corresponding
to at least one joint included in at least one character of a next frame, with respect to the at least one character included
in the next frame; generating a matrix corresponding to the next frame comprised of the second joint information;
forwarding the matrix corresponding to each of the current frame and the next frame; receiving an interpolated matrix
generated based on the matrix corresponding to each of the forwarded current and next frames; and generating an
interpolated frame using the interpolated matrix.

[0014] For such a method related aspect of exemplary embodiments, there may also be provided a parallel operation
processing apparatus, including: an extraction unit to extract first joint information corresponding to at least one joint
included in at least one character of a current frame, with respect to the at least one character included in the current
frame, and to extract second joint information corresponding to at least one joint included in at least one character of a
next frame, with respect to the at least one character included in the next frame; a matrix generation unit to generate a
matrix corresponding to the current frame comprised of the first joint information and to generate a matrix corresponding
to the next frame comprised of the second joint information; and an interpolated frame generation unit to receive an
interpolated matrix generated based on the matrix corresponding to each of the current frame and the next frame, and
to generate an interpolated frame using the received interpolated matrix.

[0015] Additional aspects, features, and/or advantages of embodiments will be set forth in part in the description which
follows and, in part, will be apparent from the description, or may be learned by practice of the disclosure.

[0016] Accordingly, the parallel operation processing method and apparatus may process, in a thread block, an inter-
polation operation in parallel, thereby reducing an amount of operations to be processed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and/or other aspects will become apparent and more readily appreciated from the following description
of exemplary embodiments, taken in conjunction with the accompanying drawings of which:

FIG. 1 illustrates a configuration of a parallel operation processing apparatus according to exemplary embodiments;
FIGS. 2 and 3 are diagrams used for describing joints included in a character according to exemplary embodiments;
FIG. 4 is a diagram used for describing a translation vector, a rotation vector, and a scaling vector corresponding
to a joint according to exemplary embodiments;

FIG. 5 is a diagram used for describing a thread block according to exemplary embodiments;

FIGS. 6 and 7 are diagrams used for describing an interpolated frame according to exemplary embodiments; and
FIG. 8 is a flowchart illustrating operations of a parallel operation processing method according to exemplary em-
bodiments.

DETAILED DESCRIPTION

[0018] Reference will now be made in detail to exemplary embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals refer to the like elements throughout. Exemplary embodiments
are described below to explain the present disclosure by referring to the figures.

[0019] FIG. 1 illustrates a configuration of a parallel operation processing apparatus 100 according to exemplary
embodiments.

[0020] Referring to FIG. 1, the parallel operation processing apparatus 100 includes an extraction unit 110, a matrix
generation unit 120, a calculation unit 130, an interpolated matrix generation unit 140, and an interpolated frame gen-
eration unit 150.

[0021] As illustrated in FIG. 1, the extraction unit 110, the matrix generation unit 120, and the interpolated frame
generation unit 150 may be configured of one chip, similar to a central processing unit (CPU). Similarly, the calculation
unit 130 and the interpolated matrix generation unit 140 may be configured of one chip, similar to a graphics processing
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apparatus. For example, as the graphics processing apparatus, a graphics processing unit (GPU) and a general purpose
processing on graphics processing unit (GPGPU) may be used. The extraction unit 110 may extract first joint information
with respect to at least one character included in a current frame. Also, the extraction unit 110 may extract second joint
information with respect to at least one character included in a next frame.

[0022] Here, as illustrated in FIG. 4, each of the first joint information and the second joint information may include a
plurality of translation vectors, a plurality of rotation vectors, and a plurality of scale vectors, each of the plurality of
translation vectors, the plurality of rotation vectors, and the plurality of scale vectors corresponding to the at least one
joint included in the character.

[0023] For example, the current frame may include a plurality of characters, and each of the plurality of characters
may include a plurality of joints such as a head, a neck, an upper arm, a pelvis, a foot, and the like. In this instance, the
plurality of joints may be configured of a hierarchical structure as illustrated in FIG. 3. In FIGS. 3 and 4, a root may signify
a starting point of a movement of the character, and a navel of the character may be used as the root.

[0024] The matrix generation unit 120 may generate a matrix corresponding to the current frame comprised of the
first joint information. Also, the matrix generation unit 120 may generate a matrix corresponding to the next frame
comprised of the second joint information.

[0025] For example, when a single character is included in the current frame, eight joints are included in the single
character, and a number of each of the translation vectors, the rotation vectors, and the scale vectors is four, the matrix
generation unit 120 may generate a matrix, having a dimension of 4x4, corresponding to the current frame for each of
the eight joints.

[0026] Specifically, the matrix generation unit 120 may generate eight matrices, each matrix having a dimension of
4x4, corresponding to the current frame. In this instance, a first row of the generated matrix may be comprised of the
plurality of translation vectors, a second row thereof may be comprised of the plurality of rotation vectors, and a third
row thereof may be comprised of the plurality of scale vectors. Also, a fourth row of the generated matrix may be
comprised of homogeneous coordinates. For example, the homogeneous coordinates (w) may be used when converting
the character into a 3D image, and may be determined as '1’".

[0027] Similarly, the matrix generation unit 120 may generate a matrix corresponding to the next frame, of which each
row is comprised of the translation vectors, the rotation vectors, and the scale vectors.

[0028] Also, the matrix generation unit 120 may re-generate the matrix corresponding to the current frame and the
matrix corresponding to the next frame using a number of the joints included in the character and a number of pieces
of the first joint information or the second joint information.

[0029] Here, a number of each of rows and columns of the matrix corresponding to the re-generated current frame
may be determined based on the number of the joints included in the character and the number of pieces of the first
joint information. Similarly, a number of each of rows and columns of the matrix corresponding to the re-generated next
frame may be determined based on the number of the joints included in the character and the number of pieces of the
second joint information.

[0030] For example, when eight joints are included in the character and eight matrices, each having a dimension of
4x4, corresponding to the current frame are generated, the matrix generation unit 120 may re-generate a matrix, having
a dimension of 8x12, corresponding to the current frame. In this instance, each of rows of the re-generated matrix may
be separated into eight joints, and each of columns of the re-generated matrix may include four translation vectors, four
rotation vectors, and four scale vectors corresponding to each of the eight joints.

[0031] In the same manner, the matrix generation unit 120 may re-generate a matrix, having a dimension of 8x12,
corresponding to the next frame.

[0032] Also, the matrix generation unit 120 may forward, to the calculation unit 130 via a bus 10, the matrix corre-
sponding to each of the re-generated current frame and the re-generated next frame.

[0033] The calculation unit 130 may receive, via the bus 10, the matrix corresponding to each of the re-generated
current frame and the re-generated next frame obtained in the generation unit 120. Also, the calculation unit 130 may
calculate a thread block unit using a dimension of the matrix corresponding to the received current frame or the received
next frame. Here, the thread block may be a unit for simultaneously processing an interpolated operation.

[0034] For example, when the matrix corresponding to the re-generated current frame has a dimension of 8 x 12, the
calculation unit 130 may calculate a number of each of columns of the thread block using 12, that is, the number of each
of columns of the matrix. In this instance, 12, that is, the number of each of columns of the matrix may be determined
as the number of each of columns of the thread block.

[0035] Accordingly, as shown in Equation 1 below, the calculation unit 130 may calculate a number of each of rows
of the thread block, so that a product of the number of each of rows of the thread block and '12’ of the number of each
of the columns of the thread block is a value satisfying a multiple of 16’ and less than or equal to '256’. Here, as illustrated
in FIG. 5, the calculated number of each of rows of the thread block may be '20’, and thus "20’ of the number of each of
rows of the thread block may be used as the thread block unit.
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[Equation 1]
(a number of each of columns of thread block) x (a

number of each of rows of thread block) £ 256

[0036] In this instance, in Equation 1, the number of each of rows of the thread block may be a multiple of '16’.
[0037] The interpolated matrix generation unit 140 may perform the interpolated operation in parallel with respect to
the matrix corresponding to each of the current frame and the next frame. In this instance, the interpolated matrix
generation unit 140 may include a determination unit 141 and a generation unit 142.

[0038] The determination unit 141 may compare a dimension of the matrix corresponding to each of the current frame
and the next frame with the thread block unit. Thereafter, when the dimension of the matrix corresponding to each of
the current frame and the nextframe exceeds the thread block unit based on the compared result, the matrix corresponding
to each of the current frame and the next frame may be divided into a plurality of sub matrices.

[0039] For example, when the matrix, having a dimension of 40x12, corresponding to each of the current frame and
the next frame is transmitted via the bus 10, that is, when a number of characters included in each of the current frame
and the next frame is '1’, and a number of joints included in the character is '40’, the determination unit 141 may compare
’40’ of the number of each of rows of the matrix corresponding to the current frame with 20’ of the thread block unit.
[0040] In this instance, when 40’ of the number of each of rows of the matrix exceeds '20’ of the thread block unit,
the determination unit 141 may divide the matrix corresponding to the current frame into two sub matrices each having
a dimension of 20x12, based on '20’ of the thread block unit.

[0041] In the same manner, when a number of each of columns of a matrix corresponding to the next frame exceeds
the thread block unit, the determination unit 141 may divide the matrix corresponding to the next frame into a plurality
of sub matrices. Here, the plurality of sub matrices corresponding to the divided current frame and the divided next frame
may be transmitted to the generation unit 142.

[0042] In this instance, when a number of each of rows of the matrix corresponding to each of the current frame and
the next frame is less than or equal to the thread block unit, the determination unit 141 may forward, to the generation
unit 142, the matrix corresponding to each of the current frame and the next frame. Specifically, the determination unit
141 may not divide, into the plurality of sub matrices, the matrix corresponding to each of the current frame and the next
frame.

[0043] When the matrix corresponding to each of the current frame and the next frame is divided into the plurality of
sub matrices, the generation unit 142 may perform the interpolated operation in parallel with respect to the divided
plurality of sub matrices to thereby generate an interpolated matrix. In this instance, the generation unit 142 may simul-
taneously perform the interpolated operation in the thread block unit, as illustrated in FIG. 5.

[0044] Also, when the matrix corresponding to each of the current frame and the next frame is not divided into the
plurality of sub matrices, the generation unit 142 may perform the interpolated operation in parallel with respect to the
matrix corresponding to each of the current frame and the next frame to thereby generate the interpolated matrix. In this
instance, the generation unit 142 may generate the interpolated matrix using the following Equation 2.

[Equation 2]

out_vec=cur_ vec+{(next vec—cur _vec)xs

I

where 'out_vec’ may denote an interpolated vector value constituting the interpolated matrix, 'cur_vec’ may denote a
vector value included in a matrix corresponding to the current frame, 'next_vec’ may denote a vector value included in
a matrix corresponding to the next frame, and 's’ may denote a time when the interpolated frame is displayed. Here, ’s’
may be obtained as an average of a time when the current frame is displayed and a time when the next frame is displayed.
[0045] Accordingly, the generation unit 142 may generate an interpolated matrix comprised of interpolated vector
values calculated using Equation 2.

[0046] In this instance, when calculating an interpolated vector value corresponding to a position (1, 1) of the interpo-
lated matrix, the generation unit 142 may calculate the interpolated vector value using the vector value of the position
(1,1) of the matrix corresponding to each of the current frame and the next frame. For example, the generation unit 142
may generate an interpolated matrix by performing the interpolated operation in parallel using a compute unified device
architecture (CUDA).

[0047] Also, the generation unit 142 may generate the interpolated matrix having the same dimension as that of the
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matrix corresponding to each of the current frame and the next frame. Thereafter, the generation unit 142 may forward,
to the interpolated frame generation unit 150, the generated interpolated matrix via the bus 10.

[0048] The interpolated frame generation unit 150 may generate an interpolated frame using the interpolated matrix
forwarded via the bus 10.

[0049] For example, as illustrated in FIG. 7, when a frame 1 is a current frame, and a frame 2 is a next frame, an
interpolated frame (1) 720 may be displayed between the frame (1) 710 and the frame (2) 730. Similarly, when the frame
2 is the current frame, and a frame 3 is the next frame, an interpolated frame (2) 740 may be displayed between the
frame (2) 730 and the frame (3) 750. In this manner, as the interpolated frames 1 and 2 are displayed between the
frames 1 and 2 and between the frames 2 and 3, respectively, a movement of a corresponding character spreading both
arms to another movement of the corresponding character coming to attention may be naturally displayed.

[0050] FIG. 8is aflowchartillustrating operations of a parallel operation processing apparatus according to exemplary
embodiments.

[0051] Referring to FIG. 8, in operation S810, the extraction unit 110 may respectively extract first joint information
and second joint information, with respect to a character included in each of a current frame and a next frame. Here,
the first joint information and the second joint information may include a plurality of translation vectors, a plurality of
rotation vectors, and a plurality of scale vectors, each of the plurality of vectors corresponding to at least one joint included
in the character.

[0052] In operation S820, the matrix generation unit 120 may generate, for each of the joints included in the character,
a matrix corresponding to each of the current frame and the next frame based on the extracted first joint information and
the extracted second joint information.

[0053] For example, the matrix generation unit 120 may generate a matrix corresponding to each of the current frame
and the next frame. In this instance, a first row of the generated matrix may be comprised of a plurality of translation
vectors, a second row of the generated matrix may be comprised of a plurality of rotation vectors, and a third row of the
generated matrix may be comprised of a plurality of scale vectors.

[0054] In operation S830, the matrix generation unit 120 may re-generate the matrix corresponding to each of the
current frame and the next frame, based on the matrix corresponding to each of the current frame generated for each
joint and the next frame.

[0055] For example, the matrix generation unit 120 may re-generate the matrix corresponding to the current frame in
such a manner that a number of each of rows of the matrix corresponding to the current frame is a number of joints, and
a number of each of columns of the matrix corresponding to the current frame is a number of pieces of the first joint
information. Accordingly, each of rows of the matrix corresponding to the re-generated current frame may be divided
into joints included in the character, and each of columns of the matrix corresponding to the re-generated current frame
may include a plurality of translation vectors, a plurality of rotation vectors, and a plurality of scale vectors. In this instance,
each of the plurality of translation vectors, the plurality of rotation vectors, and the plurality of scale vectors may correspond
to each of a plurality of joints.

[0056] Inthe same manner, the matrix generation unit 120 may re-generate the matrix corresponding to the next frame
in such a manner that a number of each of rows of the matrix corresponding to the next frame is a number of joints
included in the character, and a number of each of columns of the matrix corresponding to the next frame is a number
of pieces of the second joint information.

[0057] In operation S835, the matrix generation unit 120 may forward the matrix corresponding to each of the re-
generated current frame and the re-generated next frame. In this instance, the matrix corresponding to each of the re-
generated current and next frames may be forwarded to a graphic processing apparatus via the bus 10. For example,
as the graphic processing apparatus, a GPU and a GPGPU may be used.

[0058] Inoperation S840, the calculation unit 130 may calculate a thread block unit based on a dimension of the matrix
corresponding to each of the current frame and the next frame.

[0059] For example, the calculation unit 130 may calculate the thread block unit using Equation 1.

[0060] In operation 845, the determination unit 141 may compare the calculated thread block unit and the dimension
of the matrix corresponding to each of the re-generated current frame and the re-generated next frame. Here, the
dimension of the matrices corresponding to the current frame and the next frame may be the same.

[0061] For example, in operation S850, when a number of each of rows of the matrix corresponding to each of the
current frame and the next frame exceeds the thread block unit (S845:YES), the determination unit 141 may divide, into
a plurality of sub matrices, the matrix corresponding to each of the current frame and the next frame based on the thread
block unit. Specifically, when the number of the joints included in the character is greater than the thread block unit, the
matrix corresponding to each of the current frame and the next frame may be divided into the plurality of sub matrices.
[0062] Next, in operation S855, the generation unit 142 may perform an interpolated operation in parallel with respect
to the divided plurality of sub matrices.

[0063] For example, the generation unit 142 may generate an interpolated matrix by performing the interpolated
operation using Equation 2.
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[0064] In this instance, in operation S86, when the number of each of rows of the matrix corresponding to each of the
current frame and the next frame is less than or equal to the thread block unit (S845:NO), the generation unit 142 may
generate the interpolated matrix by performing the interpolated operation using Equation 2.

[0065] Next, in operation S870, the generated interpolated matrix may be forwarded via the bus 10. For example, the
interpolated matrix may be forwarded to a CPU.

[0066] Next, in operation S880, the interpolated frame generation unit 150 may generate the interpolated frame based
on the interpolated matrix. Accordingly, the generated interpolated frame may be displayed between the current frame
and the next frame.

[0067] As described above, according to exemplary embodiments, the parallel operation processing apparatus and
method that may generate the interpolated frame to naturally express changes in movements of a human being when
the character included in each of the current frame and the next frame is a human being have been described with
reference to FIGS. 2, 6, and 7, however, the exemplary embodiments are not limited thereto. Thus, the character may
be one of all moving and living entities other than a human being.

[0068] Also, the parallel operation processing apparatus may perform the interpolated operation in parallel using a
current frame and a next frame where an object is included, so that movements of the object included in each of the
current frame and the next frame may be expressed.

[0069] Also, the parallel operation processing apparatus and method may perform the interpolated operation in parallel,
based on the thread block unit, thereby reducing an operation time.

[0070] The above described method may be recorded, stored, or fixed in one or more computer-readable storage
media that includes program instructions to be implemented by a computer to cause a processor to execute or perform
the program instructions. The media may also include, alone or in combination with the program instructions, data files,
data structures, and the like. The media and program instructions may be those specially designed and constructed, or
they may be of the kind well-known and available to those having skill in the computer software arts. Examples of
computer-readable media include magnetic media such as hard disks, floppy disks, and magnetic tape; optical media
such as CD ROM disks and DVDs; magneto-optical media such as optical disks; and hardware devices that are specially
configured to store and perform program instructions, such as read-only memory (ROM), random access memory (RAM),
flash memory, and the like. The computer-readable media may also be a distributed network, so that the program
instructions are stored and executed in a distributed fashion. The program instructions may be executed by one or more
processors. The computer-readable media may also be embodied in at least one application specific integrated circuit
(ASIC) or Field Programmable Gate Array (FPGA), which executes (processes like a processor) program instructions.
Examples of program instructions include both machine code, such as produced by a compiler, and files containing
higher level code that may be executed by the computer using an interpreter. The described hardware devices may be
configured to act as one or more software modules in order to perform the operations and methods described above,
or vice versa.

[0071] Although a few exemplary embodiments have been shown and described, it would be appreciated by those
skilled in the art that changes may be made in these exemplary embodiments without departing from the principles of
the disclosure, the scope of which is defined in the claims and their equivalents.

Claims
1. A parallel operation processing method, comprising:

receiving a matrix corresponding to a current frame comprised of first joint information corresponding to at least
one joint included in a character of the current frame, with respect to at least one character included in the
current frame;

receiving a matrix corresponding to a next frame comprised of second joint information corresponding to at
least one joint included in a character of the next frame, with respect to at least one character included in the
next frame;

calculating a thread block unit using a dimension of the matrix corresponding to the current frame or the next
frame;

generating an interpolated matrix by performing an interpolated operation in the calculated thread block unit,
with respect to a plurality of vectors included in each matrix corresponding to the current frame and the next
frame; and

forwarding the generated interpolated matrix.

2. The parallel operation processing method of claim 1, wherein the calculating of the thread block unit calculates the
thread block unit for simultaneously performing the interpolated operation using the first joint information and the
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second joint information.

3. The parallel operation processing method of claim 1, wherein the generating of the interpolated matrix includes:

dividing the matrices corresponding to the current frame and the next frame based on the thread block unit
when the dimension of each of the matrices corresponding to the current frame and the next frame exceeds
the calculated thread block unit; and

performing the interpolated operation in parallel with respect to the matrices corresponding to the divided current
frame and the divided next frame, wherein

the generating of the interpolated matrix generates the interpolated matrix based on a result of the interpolated
operation having been performed in parallel,

wherein the each of the first joint information and the second joint information includes a plurality of translation
vectors, a plurality of rotation vectors, and a plurality of scale vectors, each of the plurality of translation vectors,
the plurality of rotation vectors, and the plurality of scale vectors corresponding to the at least one joint included
in the character,

the matrix corresponding to the current frame includes a plurality of translation vectors, a plurality of rotation
vectors, and a plurality of scale vectors, each of the plurality of translation vectors, the plurality of rotation vectors,
and the plurality of scale vectors corresponding to the at least one joint included in the current frame, and

the matrix corresponding to the next frame includes a plurality of translation vectors, a plurality of rotation vectors,
and a plurality of scale vectors, each of the plurality of translation vectors, the plurality of rotation vectors, and
the plurality of scale vectors corresponding to the at least one joint included in the next frame.

4. The parallel operation processing method of claim 1, wherein:

a number of each of rows and columns of the matrix corresponding to the current frame is respectively obtained
based on a number of the at least one joint included in the character of the current frame and a number of
pieces of the first joint information, and

a number of each rows and columns of the matrix corresponding to the next frame is respectively obtained
based on a number of the at least one joint included in the character of the next frame and a number of pieces
of the second joint information.

The parallel operation processing method of claim 4, wherein the calculating of the thread block unit calculats a
number of rows of a thread block using a number of the columns of the matrix corresponding to the next frame or
the current frame, and generates the thread block having the calculated number of the rows of the thread block and
the number of the columns of the matrix as the magnitude of each of the rows and the columns of the matrix
corresponding to the current frame or the next frame.

The parallel operation processing method of claim 1, wherein the generating of the interpolated matrix includes
calculating a regeneration time of an interpolated frame using a regeneration time of the current frame and a
regeneration time of the next frame, and generates the interpolated matrix by performing the interpolated operation
based on the plurality of vectors included in the matrix corresponding to the current frame, the plurality of vectors
included in the matrix corresponding to the next frame, and the calculated regeneration time of the interpolated frame.

A parallel operation processing apparatus, comprising:

a calculation unit to receive a matrix corresponding to each of a current frame and a next frame, with respect
to at least one character included in each of the current frame and the next frame, and to calculate a thread
block unit using a dimension of the received matrix corresponding to the current frame or the next frame; and
an interpolated matrix generation unit to generate an interpolated matrix by performing an interpolated operation
in the calculated thread block unit, with respect to a plurality of vectors included in each matrix corresponding
to the current frame and the next frame, wherein

the matrix corresponding to the current frame is comprised of first joint information corresponding to at least
one joint included in the at least one character of the current frame, and the matrix corresponding to the next
frame is comprised of second joint information corresponding to at least one joint included in the at least one
character of the next frame.

8. The parallel operation processing apparatus of claim 7, wherein the calculation unit calculates the thread block unit

for simultaneously performing the interpolated operation using the first joint information and the second joint infor-
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mation, and the interpolated matrix generation unit forwards, to a central processing unit (CPU), the interpolated
matrix generated based on the calculated thread block unit.

9. The parallel operation processing apparatus of claim 7, wherein the interpolated matrix generation unit includes:

a determination unit to divide the matrix corresponding to each of the current frame and the next frame based
on the thread block unit when a dimension of the matrix corresponding to each of the current frame and the
next frame exceeds the calculated thread block unit based on a comparison between the dimension of the
matrix corresponding to each of the current frame and the next frame and the calculated thread block unit; and
a generation unit to perform the interpolated operation in parallel with respect to the matrices corresponding to
the divided current and next frames, and to generate the interpolated matrix based on a result of the interpolated
operation having been performed.

10. The parallel operation processing apparatus of claim 7, wherein:

a number of each of rows and columns of the matrix corresponding to the current frame is respectively obtained
based on a number of the at least one joint included in the character of the current frame and a number of
pieces of the first joint information, and

a number of each of rows and columns of the matrix corresponding to the next frame is respectively obtained
based on a number of the at least one joint included in the character of the next frame and a number of pieces
of the second joint information.

11. The parallel operation processing apparatus of claim 10, wherein the calculation unit calculates a number of rows

12

of a thread block using a number of the columns of the matrix corresponding to the next frame or the current frame,
and generates the thread block having the calculated number of the rows of the thread block and the number of the
columns of the matrix as the number of each of the rows and the columns of the matrix corresponding to the current
frame or the next frame.

The parallel operation processing apparatus of claim 7, wherein the interpolated matrix generation unit calculates
a regeneration time of an interpolated frame using a regeneration time of the current frame and a regeneration time
of the next frame, and generates the interpolated matrix by performing the interpolated operation based on the
plurality of vectors included in the matrix corresponding to the current frame, the plurality of vectors included in the
matrix corresponding to the next frame, and the calculated regeneration time of the interpolated frame.

13. A parallel operation processing method, comprising:

extracting first joint information corresponding to at least one joint included in at least one character of a current
frame, with respect to the at least one character included in the current frame;

generating a matrix corresponding to the current frame comprised of the first joint information;

extracting second joint information corresponding to at least one joint included in at least one character of a
next frame, with respect to the at least one character included in the next frame;

generating a matrix corresponding to the next frame comprised of the second joint information;

forwarding the matrix corresponding to each of the current frame and the next frame;

receiving an interpolated matrix generated based on the matrix corresponding to each of the forwarded current
and next frames; and

generating an interpolated frame using the interpolated matrix.

14. The parallel operation processing method of claim 13, wherein:

each of the first joint information and the second joint information includes a plurality of translation vectors, a
plurality of rotation vectors, and a plurality of scale vectors, each of the plurality of translation vectors, the plurality
of rotation vectors, and the plurality of scale vectors corresponding to the at least one joint included in the
character,

the generating of the matrix corresponding to the current frame generates the matrix corresponding to the
current frame comprised of the plurality of translation vectors, the plurality of rotation vectors, and the plurality
of scale vectors, with respect to the at least one joint included in the character of the current frame, and

the generating of the matrix corresponding to the next frame generates the matrix corresponding to the next
frame comprised of the plurality of translation vectors, the plurality of rotation vectors, and the plurality of scale
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vectors, with respect to the at least one joint included in the character of the next frame.
15. The parallel operation processing method of claim 13, further comprising:

displaying the current frame, the interpolated frame, and the next frame,

wherein the generating of the matrix corresponding to the current frame generates the matrix corresponding to
the current frame having a number of the at least one joint included in the character of the current frame and a
number of pieces of the first joint information as a number of rows and columns of the matrix corresponding to
the current frame, and

wherein the generating of the matrix corresponding to the next frame generates the matrix corresponding to
the next frame having a number of the at least one joint included in the character of the next frame and a number
of pieces of the second joint information as a number of rows and columns of the matrix corresponding to the
next frame.

10
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FIG. 4
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FIG. 8
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